In order to estimate the value of f , let us consider two axes x and z with origin C as shown in Fig. 1 .
The closest part of the arc to the origin C on a section of a sessile drop has been expressed by the following (1) are given by 3. Experimental Details The mass of the samples were chosen to satisfy the condition in the case of f =1. That is, the mass of ellipsoid BCDAB in Fig. 1 is given by (4) In order to get the total mass of a sessile drop, the mass of RBADS must be added to the above calculated mass of ellipsoid BCDAB. However there is no convenient formula for calculating the mass of RBADS. Then, as an approximation, alb was taken as 2 instead of 1.7, and the calculated value of Eq. (4) is considered to represent the whole mass of the drop whose "dimension ratio" alb is about 1 .7. Based on the above assumption and the fact that in the case of pure (5) The materials for preparing the alloy sample3 were electrolytic copper, iron and nickel, and silicon (99.5 %), molybdenum (99.5%) and tungsten (99.5%).
For cobalt and chromium, commercial grade (98%) and electrolytic metals (99.99% Co, 99.9% Cr) were used. In order to add carbon to a sample, mother alloys were used, which were prepared by fusion with pure metals and sugar carbon in a graphite crucible (ash < 0.08%).
The plaque was of sintered magnesia (MgO>90%), and the surface was polished by 000 emery paper.
A sample on a plaque was heated in a hydrogen stream which was cleaned by passing the hydrogen through heated platinum asbestos, P _ O5, and heated surrounded by titanium chips or sponge to minimize any possible effects of oxidation. However, for the measurement of the surface tension of metallic sodium, a vacuum sealed assembly consisted of glass and a graphite plaque were used.
The shapes of a sessile drop was measured by sketching through an Abbe's apparatus.
The density of a sample is estimated from the difference between the profile areas at room and measuring temperatures, and the apparent density at room temperature. alloys containing more than 20% chromium may be caused by oxidation of the samples in the atmosphere. The trace of oxygen in the hydrogen stream was not considered enough to remove. Table 2 to Table 4 show the surf ace tensions of iron, cobalt, and the nickel-carbon system. The results of measurement of surface tension of molten iron have been reported by several investigators,(16)-(22) and in recent years, Allen and Kingery(16) pointed out that the dissolved carbon had little effect on the surface tension of liquid iron, cobalt and nickel. Allen's conclusion was confirmed by the present authors.
Experimental Results
The effects of Mo,C and WC on the surface tension of liquid iron, cobalt and nickel were investigated. The results are shown in Table 5 and Table 6 . From these results, it seems that the effects of Mo2C and WC on the surface tension of iron, cobalt and nickel are small in spite of the high melting points of Mo.C and WC. The effects of Mo2C and WC are similar to the effects of Mo and W as shown in Fig. 5 and Fig. 6 . Table 3 Surface tension of Ni-C alloys. Table 4 Surface tension of Co-C alloys. 
Discussion
The purpose of this work is to give a general picture of the surface tension of liquid metals and 
where, V is the atomic volume and N is the Loschmidt's number. The energies of liquid and of gas per gr.-atom, EL and EG are given by
The heat of vaporization per gr.-atom, LV is given by (9) where P is pressure. Therefore Us is expressed as follows.
(10) This equation is a modification of Stefan's law. However, in the strictest meaning, the effects of vacancy and many other factors were neglected in Eq. (10). Then Eq. (10) should be modified as follows. (11) where B is a correction factor, and if B=0.5, Eq. (11) coincides with Eq. (10). It is considered that B may be a constant for liquids consisting of the same type of chemical bonding. Then B will be refered to as "bonding factor" , symbolizing By, BM or BI for molecular, metallic or ionic liquids respectively.
In a molecular liquid, it will be considered that, the binding between molecules are due to the van der Waals forces, and the energy, E, is regarded to be additive. Therefore, first, let us calculate Bv. The values calculated with Harashima's data(23) are shown in Table 7 . (For such liquids at low temperature as liquid argon, the contribution of atomic vibration is Table 7 Calculation of By for several Van der Waals' lieuids(23).
estimated at 3/2RT and the energy of gas of monoatomic molecule is estimated at 3/2RT, and that of diatomic molecule as nitrogen is estimated at 5/2RT.) It is very interesting fact that the values of By are about 0.5. That means that though it is not a strict consideration, Eq. (10) or Eq. (11) should be viewed as a semi-theoretical equation. In order to obtain the value of BM, it is necessary to calculate Us for metals using the following equation. (12) However, the authors in this experimental work by the sessile drop method, could not obtain a reliable value (13) The values of KM were calculated with the experimental data shown in Table 1 . KM shall be called the "surface tension factor" , and the suffix M means "metallic" . The mean value of KM is 0.16. It is interesting that the whole KMS for typical metals, which takes a face-or body-centered cubic lattice, are 0.13.0.15.
The surface tension factors for ionic liquids, K, are calculated from the results of other investigations (4) . The values of Kr are shown in Table 8 , and the mean value of Kr is 0.07 which is about one half as much as KM.
It seems from the results of many other investigators that the thermal coefficient of the surface tension, The energy for revealing new surface is the sum of the energies of interactions of Fe-Fe, Fe-C and C-C. Accordingly the surface tension of Fe-C alloy must be greater than that of pure iron by the energies of interactions of Fe-C and C-C. With the statisticothermodynamical method by Takeuchi and Kachi, (24) and with the data by Richardson and his co-worker, (25) the energies of interactions of Fe-C and C-C in liquid where N is the Loschmidt's number, Z' the number of iron atoms at the nearest neighbours of a carbon atom, and Z" is the number of carbon atoms at the these phenomena may depend on the deviation from the additive assumption of E. As mentioned above, the surface tension of the ionic liquid is considerably smaller than that of the metallic melt which has a similar melting point to that of the salt. Now, surface tension is a kind of free energy. Then, in order to lead to the minimum possible total energy of the liquid, lower melting point metals or ionic materials dissolved in an alloy (these materials have lower surface tension) are apt to gather preferentially at the liquid surface. This phenomenon, as well known, is called "adsorption". From the consideration of such adsorption, several discussions can be done as follows: As shown in Fig. 5 and Fig. 6 , the surface tension of iron, cobalt and nickel do not increase virtually in the low concentration range of molybdenum and tungsten. This may depend on the negative adsorption of molybdenum and tungsten.
In Fig. 7 , the surface tension of alloys containing impure chromium decreases apparently with the chromium concentration. This may be regarded as the positive adsorption of sulphur and oxygen slightly contaminating samples.
As mentioned above, the surface tensions of pure metals and other liquids consisting of one component can be understood as the energies to reveal a new surface of unit area by cutting the liquids. Eq. (13) were deduced under this assumption. Let us consider the surface tension of alloys containing interstitially atoms of very smaller size. Fig. 10 , for an example, shows a schematic model of iron containing carbon.
nearest neighbours of a carbon atom.
Then the surface tension of iron containing 4wt carbon is given by 2100dyn/cm. This value exceeds by 450dyn/cm that of pure iron. However, this estimated value is quite far from the experimental results as shown in Table 2 . The reasons are considered to be as follows. (1) Carbon atoms are negatively adsorped on the surface of liquid iron. This assumption may be supported by the authors theoretical calculation which will be described in a later next paper. (2) The type of chemical binding of liquid may change with carbon. The linking of metalcarbon may be intermediate between metallic and homopolar, and the bonding factor or the surface tension factor may be less than that of metal. The following alloys shall represent good examples of circumstances expressed in (2). The surface tension of a liquid Cr-C alloy containing 11% C (which corresponded to Cr7C3) at 1700C was measured experimentally in an hydrogen atmosphere and the value was obtained as 1310dyn/cm, while the surface tension of pure liquid chromium is estimated at 1900 dyn/cm from Eq. (13). These results suggest that the surface tension of liquid chromium decreases with the carbon content. Furthermore, the surface tensions of titanium, zirconium and tantalum in the liquid state are estimated at no less than 2000dyn/cm, while Livey Experimental Studieson the Surface Tension of Molten Metals and Alloys and his co-worker(26) pointed out that the surface tensions of TiC, ZrC and TaC in the solid state might be less than 1300dyn/cm. As a rule, the surface tension of a liquid is smaller than that of the solid by about 10%. Then the surface tension of liquid titanium, zirconium and tantalum of high carbon content are estimated at less than 1200dyn/cm. These estimations mean that the surface tensions of liquid titanium, zirconium and tantalum decrease with carbon content becoming less than 1200dyn/cm.
To summarize, the decrements of surface tension affected by carbon are negligible for iron, cobalt and nickel, and about 600dyn/cm for chromium, and more than 800dyn/cm for titanium, zirconium and tantal. It is well known that iron, cobalt and nickel are element that form unstable carbides, chromium forms stable carbides, and titanium, zirconium and tantal form very stable carbides. Those facts mean that the stronger the interaction between the metal atom and the carbon atom, the more the surface tension of the metal decreases markedly with carbon concentration. These relations may be understood by changing the surface tension factor, as mentioned in (2).
As shown in Table 6 , the effects of Mo2C and WC on the surface tension of liquid iron, cobalt and nickel were not distinctly observed. The reasons may be considered as follows: (1) Molybdenum and tungsten which have high surface tensions, are negativeadsorpted. (2) Molybdenum and tungsten belong to the VI-group in the periodic table like chromium. Then the surface tension factors of Mo2C and WC may be of the same order as that of Cr7C3, but the melting points of Mo2C and WC are considerably higher than that of Cr7C3. Therefore, it may be assumed that the surface tensions of Mo C and WC (26) D. T. Livey, et aI : Plansee Proceedings, (1955), p. 375, are higher than that of Cr7C3, corresponding to the difference of the melting point between them. These values may be of the same order as that of iron, cobalt and nickel. Under these circumstances , it may be understood that Mo C and WC have little effect on the surface tension of iron, cobalt and nickel.
Conclusion
In order to make clear the fundamental mechanisms on cermet sintering from the points of view of surface and interfacial tensions, the surface tension of metals and alloys have been investigated experimentally 2s the first stage. The results obtained are as follows The surface tension of pure liquids are estimated with the surface tension factor, K. The values of K are given by KM=0.16, and KI=0.07.
The bonding factor, B, is defined in connection with surface energy. The values are given by BV=0.5, BM=0.18 and BI=0.10.
The applications of these factors will he described in later papers.
The surface tension of binary liquid alloys changes concavely upward with concentration. If there are some typical compound as silicide in the alloy system, it appears that the curve of surface tension vs. concentration has a slight break.
This fact and the distinction of the thermal coefficient of surface tension suggest that the dissociation of a compound is imperfect just above the melting point.
It was disclosed that carbon has little effect on the surface tension of iron, cobalt and nickel. The effects of Mo2C and WC on the surface tension of iron, cobalt and nickel are small also.
The assumption of adsorption of alloying elements is convenient to use to understand the surface tensions of alloys. Therefore, adsorption on the surface of liquid metal have been measured and will be discussed in detail in later papers by the authors.
